This study explores whether specific types of green spaces (i.e. urban green spaces, forests, agricultural lands, rangelands, and wetlands) are associated with physical activity, quality of life, and cardiovascular disease prevalence. A sample of 8,976 respondents from the Behavioral Risk Factor Surveillance System, conducted in 2006 in Washington State across 291 zip-codes, was analyzed. Measures included physical activity status, quality of life, and cardiovascular disease prevalence (i.e. heart attack, angina, and stroke). Percentage of green spaces was derived from the National Land Cover Dataset and measured with Geographical Information System. Multilevel regression analyses were conducted to analyze the data while controlling for age, sex, race, weight, marital status, occupation, income, education level, and zip-code population and socio-economic situation. Regression results reveal that no green space types were associated with physical activity, quality of life, and cardiovascular disease prevalence. On the other hand, the analysis shows that physical activity was associated with general health, quality of life, and cardiovascular disease prevalence. The findings suggest that other factors such as size, structure and distribution (sprawled or concentrated, large or small), quality, and characteristics of green space might be important in general health, quality of life, and cardiovascular disease prevalence rather than green space types. Therefore, further investigations are needed.
INTRODUCTION
Today, physical inactivity has become an important threat to human life. Therefore, the World Health Organization has identified physical inactivity as the fourth leading risk factor for global mortality (WHO, 2010) . Studies indicate that serious health problems such as coronary heart disease, obesity, chronic diseases, type 2 diabetes, breast and colon cancers, psychological disorders, and shortens life expectancy are related to physical inactivity (Lee, et al., 2012; Sallis, et al., 2012 ; The Ministry of Health, 2014). As of 2012, 31.1% of adults worldwide are reported to be physically inactive (Hallal, et al., 2012) and for the USA 33.2% of women and 29.9% of men are physically inactive (Go, et al., 2013) .
Considering the prevalence and negative effects of physical inactivity on human health, more attention is required to increase the level of people's physical activity (PA) . In order to do that, it is important to know and understand the factors that are related to PA (Schipperijn, et al., 2013; Koohsari, et al., 2015) . One of the important factors that affects PA is green space (Akpinar, 2016; Koohsari, et al., 2015; Bedimo-Rung, et al., 2005; Kaczynski & Henderson, 2007) . Green spaces strongly affect nearby inhabitants' well-being, behavior, and health and address human needs (Niemelä, et al., 2011; Schipperijn, et al., 2010; Matsuoka & Kaplan, 2008) as well as physiological and psychological health (Morita, et al., 2007; Pretty, et al., 2007; Herzog & Strevey, 2008; Ward Thompson, 2011) . Green spaces create important opportunities for people to connect with nature, to exercise through involvement in both passive and active recreation, and to be involved in many kinds of social, cultural and community activities (Dunnett, et al., 2002; Orr, et al., 2014) . A growing body of research suggests that green spaces are related to people's level of PA (Akpinar, 2016; Schipperijn, et al., 2013; Amorim, et al., 2010; Kaczynski, et al., 2009; Cohen, et al., Some of the studies, on the other hand, highlighted that it should not be presumed that all green space types are relevant across the whole spectrum of human benefits (Jorgensen & Gobster, 2010) . Van den Berg, et al., (2007) , for instance, emphasized that little is known about the relationship between types of green space and health benefits. Richardson, et al., (2012) and also recommended that future studies should focus on trying to distinguish types of 'green' in terms of health outcomes. Similarly, in Lee & Maheswaran (2010) 's review, it is revealed that more research is required to establish and quantify the contribution of the different types of green spaces to health and PA. For that reason, some studies have begun investigating the relationship between different types of green space, PA, and health benefits and found that formal parks is significantly related to better PA and less overweight (Coombes, et al., 2010) . Another study conducted by Picavet, et al. (2016) investigated the crosssectional and longitudinal associations between types of green space and PA. The study did not find any significant association between aggregated green space (i.e. urban green space, agricultural green, forest, and natural areas) and health. Picavet, et al. (2016) , on the other hand, found that more urban green space was associated with more PA (i.e. sports and bicycling), whereas more agriculture green was associated with less PA. Studies concluded that more research is needed to better understand what types and features of green space might encourage people's PA. And, impact of different types of green space on PA has yet to be clarified (Coon, et al., 2011; Picavet, et al., 2016) .
In this respect, this study aimed to provide new evidence on the associations between types of green space and PA and health indicators (i.e., quality of life (QoL), general health (GH), and cardiovascular disease prevalence (CVD)) by combining information from the Behavioral Risk Factor Survey (BRFSS) and the National Land Cover Dataset (NLCD).
METHODS

The Survey
This study analyzed data from the BFRSS which is a telephone survey that is conducted by health departments of states with technical and methodological support of the Centers for Disease Control and Prevention (CDC) to assess the health practices and distribution of risk behaviors among non-institutionalized adults (CDC, 2006; Mokdad, 2009) . The BRFSS includes information on residents' GH status, health related QoL, PA, CVD prevalence (i.e., heath attack, angina, and stroke), and demographics. The health data employed in this study from the BRFSS were: The BRFSS data contained responses coded to the US postal zipcode of the respondent's residence somewhere within the zipcode. The original dataset contained 23,760 responses in 668 zipcodes. The BRFSS data was processed to include only valid zipcodes for which there exist geographic (polygonal) boundaries. Thus, zip-codes that represented point locations such as Post Office Boxes and private companies where respondents clearly do not reside were excluded from the BRFSS dataset. The GIS zip-code dataset contained 532 zip-codes. Those zip-codes were matched to the BRFSS data. Non-matching zip-codes were also excluded, yielding 509 zip-codes. Cases coded as Don`t know/not sure, Refused or Missing for zip-codes as well as for the needed health and mental variables were also excluded (listwise deletion). This exclusion resulted in 9864 complete responses (41.52% of total responses), distributed in 500 zip-codes.
To maximize external validity, zip-codes with fewer than 10 responses were excluded. This last exclusion yielded 8,976 complete responses distributed across 291 zip-codes which vary in size (minimum = 0.46 sq. mi, maximum = 1,422.95 sq. mi, M = 160.32 sq. mi.), population (minimum = 275 people, maximum = 64,214 people, M = 22,018 people), population density (minimum = 2.55 people per sq. mi, maximum = 17,894.56 people per sq. mi, M = 1,556.56 people per sq. mi.), household income (minimum = $22,418, maximum = $177,455, medium = $41,891), unemployment (minimum = 1.41%, maximum = 45.71%, M = 7.01%), and education level (i.e. bachelor degree or above) (minimum = 1.12%, maximum = 95.83%, M = 20.14%). The exclusion of those zip-codes with fewer than 10 respondents did not alter the substantive results.
Green Space Data
The green space data was derived from the NLCD 2006 data, which contains the dominant type of land cover for each 30x30 m grid cell area in Washington State (USGS, 2012). Land cover classes in the NLCD 2006 were reclassified into five types of green space (i.e. urban green space, forest, rangeland, agricultural land, and wetland) (see Table 1 ). Among the NLCD 2006 Land Cover classes, only urban green space is not comprehensively identified; rather the NLCD 2006 identifies four classes of land use (i.e. developed-open space, developed-low intensity, developed-medium intensity, and developed-high intensity) in which built-on land is mixed with natural vegetation. These four classes are distinguished by the percentage of impervious land (i.e., pavement, asphalt, etc.) in the cell. For the urban green space category, the developed-open space and developed-low intensity classes where impervious surfaces account for less than 20% and 20% to 49% of total cover respectively were included. Based on the Forman`s (2008) definition of green space and similar work in the Netherlands (van Den Berg, et al., 2010 ) the developed-medium intensity and developed-high intensity classes where impervious surfaces account for 50% to 79% and 80% to 100% of total cover respectively were omitted due to large amount of impervious surfaces. Examples of the land uses included in the selected urban categories include large-lot singlefamily housing units, parks, golf courses, and vegetation planted in developed settings for recreation, erosion control, or aesthetic purposes (Fry, et al., 2011 Table 1 , resulting in five greenspace types for each zip-code area. The proportion (normalized amount) of each type of green space in each zip-code was also calculated using this reclassified data. These values represent the total proportion of a green space type within a zip-code area.
Socio-economic and Demographic Characteristics
Because health may differ according to people's background characteristics, gender, age (in years), race, level of education, occupation, and household income of each respondent. Income level was categorized from less than $10,000 to $75,000 or more. Level of education was categorized from never attended school or only attended kindergarten to college 4 years or more (College graduate.) The potential for zip-code level confounding variables that might affect the associations were also concerned. Therefore, data at the zip-code level describing population, size (sq. mi), population density, socio-economic status (SES) (i.e. median household income, occupation (unemployment rate), and education level (bachelor's degree or higher)) were obtained from U. S. Census 2000 data.
Analytic Strategy
Preliminary analyses examined the normality of the variables. The responses to the GH question were normally distributed. To help clarify the relationship between QoL and green space, three questions were reduced to one factor using maximum likelihood exploratory factor analysis. The factor analysis was used because these questions together were intended to measure the level of QoL. Each question asked a different indicator of QoL so that they should be considered together. Then, the normality of QoL, PA, and CVD prevalence were examined. Because the distributions of these variables were skewed, a logtransformation y=loge(x+1) to these three outcomes on which all test statistics are based were applied. However, the untransformed results were similar to those of the transformed data, and therefore the untransformed results were reported.
First, the relationships between types of green space and PA were analyzed while controlling for individual respondent characteristics at the individual level, and zip-code characteristics at the zip-code level via multilevel linear regression analyses. Prior to performing multilevel linear regression analyses, presence of multicollinearity issues between independent variables were checked. In this analysis, multicollinearity issues between population density and green space was found. Hence, population density from the regression model was excluded due to the multicollinearity issue.
Lastly, relationships between the five types of green space, PA and (i) GH, (ii) QoL, and (iii) CVD prevalence were examined with multilevel linear regression analyses while controlling for the possible confounding factors. A p-value of .05 was used to indicate statistical significance. SPSS version 18 was used for all statistical analyses.
RESULTS
Sample Characteristics
34.47% of the BRFSS respondents were male and 65.53% were female while 55% of the respondents were married among the 8,976 participants. The average age of the participants was 50.55 years old. The highest participation age cohort in the BRFSS sample was ages 45 to 54 (23.2%) and the lowest was ages 18 to 24 (5.1%). The highest degree of education achieved by the respondents (college graduate or more) was 39.1%. Regarding occupation, 46.6% of the respondents were employed while 2.1% were students. In terms of the total annual household income, 21.6% of the BRFSS respondents were in the highest income level ($75,000 or more). Regarding race, the BRFSS sample was 90% White.
Health Responses and Green Space
The mean of the GH was 2.72 while median was 3; the minimum response was 0 while the maximum was 5. The mean of the QoL was 6.22 days and median was 2.67 day; the minimum response was 0 days while the maximum was 30. For the CVD prevalence, 5.5%, 6.3%, and 4% were diagnosed with hearth attack, heart disease, and stroke, respectively. In terms of PA, 78.8% of the respondents performed PA. Among all individuals, only 23.1% respondents rated their health in general as fair or poor. The descriptive statistics indicates that the data consists of selfreportedly healthy sample of individuals.
Regarding green space, the mean of percentage of urban green space in zip-codes was 24.93%; the minimum percentage was .33% while the maximum was 79.62%. The mean of percentage of forest was 28.50%; the minimum was 0% while the maximum was 93.20%. For the rangeland, the mean of percentage was 16.65%; the minimum was 0% while the maximum was 86.91%. The mean of percentage of agricultural land was 11.19%; the minimum percentage was 0% while the maximum was 87.83%. Lastly, the mean of percentage of wetlands was 3.15%; the minimum was 0% while the maximum was 39.61%.
The Associations between Types of Green Spaces and PA
After controlling for the covariates, the multilevel regression analysis revealed that no types of green space are associated with PA ( 
The Associations between Green Spaces, PA, and Health Indicators
As seen in Table 3 , the multilevel regression results showed that no types of green space were associated with GH whereas PA was significantly associated with GH (β= -. 
DISCUSSION
The purpose of this study was to investigate the associations between types of green space and PA and health indicators (i.e., quality of life (QoL), general health (GH), and cardiovascular disease prevalence (CVD)). The findings of this study that no type of green space was associated with PA and health indicators, which is unexpected considering the previous studies. On the other hand, the results revealed that PA was associated with health indicators. Several points are highlighted to explain the differences between this study and the previous studies.
First of all, the size of the study areas may be one of the reasons for the nonsignificant results. In previous studies, the relationship between green space and health was mostly examined either in a 1-3 km radius around participants' homes (de Vries et al., 2003; Maas et al., 2006; Van den Berg et al., 2010) or at the neighborhood level (Richardson et al., 2013; Beyer et al., 2014) while this study examined green space at the zip-code level which varies in size from 2.20 sq. mi to 1422.95 sq. mi. As previous studies indicated, distance, sometimes called proximity, is an important factor in the relationship between green space, PA, and health (Maas et al., 2009; Stigsdotter et al., 2010; Ward Thompson et al., 2012; Akpinar, 2016) ; hence, respondents may not have engaged with green space in large zip-codes when considered the size of zip-codes areas in this study. Therefore, possibly longer distances to green space may have also contributed to differences in results that the author did not find a significant association between types of green space, PA, and health indicators. Distribution of green spaces (sprawled or concentrated, large or small) is another possible explanation of nonsignificant results. Previous studies showed that well-connected urban green spaces are associated with less mental health complaints, whereas people reported less mental health complaints and better general health with their environments when these environments consist of closed patches (Akpinar, 2015) . Another study revealed that neighborhood satisfaction was high where the neighborhood environments were less fragmented, less isolated, and well connected (Lee, et al., 2008) . The authors also found variety in the size and shape of tree patches also showed a positive relationship with neighborhood satisfaction. Therefore, distribution of types of green space may have affected the relationship with PA and health. In this respect, future studies need to investigate this possibility.
Another possibility is that as many studies emphasized, the quality rather than the quantity of green spaces may be important in the relationship between green space, PA, and health (Akpinar, 2016; Richardson et al., 2010; Richardson and Mitchell, 2010; Van den Berg et al., 2007; Maas et al., 2006; de Vries et al., 2003) . Most of the previous studies suggested that those who live in relatively more abundant green space may have better mental and general health than those who live in less abundant green space conditions. However, this assumption is not supported by the findings of this study similarly to Picavet et al. (2016) and Richardson et al. (2012) studies. If "living in more abundant green" leads to better health, then the author should have found significant associations. However, no evidence were found in that direction. In this respect, quality over quantity of green space may be the reason for the nonsignificant results. Therefore, quality of green space should be investigated in the future studies.
Lastly, some studies found that some characteristics of green space are associated with PA (Akpinar & Cankurt, 2016) . It is important to note that, each type of green has different characteristics and human perception of landscapes is found to be associated with health and stress reduction (Ulrich, 1984; Ulrich et al., 1991) , increased neighborhood satisfaction (Kaplan, 2001) ,and better restoration (Van den Berg et al., 2014) . Hence, characteristics of types of green space may have contributed to nonsignificant results the author found. In this respect, future studies should investigate the characteristic of green space.
Despite the contribution this study has some limitations. The primary limitation is that the BRFSS does not provide respondents' exact locations within the zip-codes. Therefore, it was also not possible to know whether respondents engaged with green spaces or not. The cell size of the NLCD is another limitation in this study. The NLCD data is consist of 30 m cells, therefore the results did not include finer resolution details such as small-scale natural elements and areas like trees along streets, green road sides, or greenery were not explicitly represented in the study. Lastly, this research was a cross-sectional, therefore, causation cannot be implied.
CONCLUSIONS
This study investigated whether types of green space were associated with PA and health indicators. The findings showed no types of green space was associated with PA and health indicator. Based on the findings of this study and previous studies, four possibilities were emphasized: a) proximity to green space, b) structure and distribution of green spaces, c) quality of green space, and d) characteristics of green space. This study suggests that while there is not a significant relationship, these possibilities need to be investigated in the future studies. The author recommends that when investigating the relationship between types of green space, PA, and health, finer resolution of land cover data and exact location of participants would be desirable in order to have better and more accurate results in terms of green space calculation and health benefits of green space.
